Abstract. triple-negative type breast cancer (tnBc) is a challenge for today's clinical practice. To evaluate the efficacy of anticancer drugs and their combination for the treatment of patients with metastatic tnBc, an appropriate tumor model of metastatic tnBc is required. We developed a breast cancer model in mice that highly metastasizes to lung tissue using an established human tnBc cell line, mda-mB-231. mda-mB-231 was implanted intravenously, and lung metastasis nodes were collected. the lung metastasis nodes were then implanted into the mammary fat pad of female Scid mice, followed by surgical extraction. this procedure was repeated an additional two times, and the highly metastatic cell line, mda-mB-231llm, was established. after orthotropic implantation and surgical extraction, mda-mB231llm selectively metastasized to the lung, and all of the mice died as a result of lung dysfunction. We then evaluated the anti-metastatic effects and survival period after treatment with S-1, a fluoropyrimidine derivative using this model. Mice were randomized into three groups on day 0. On day 29, lung metastasis was observed in all of the control mice, and the mean lung weight was 2.5 times greater than that of normal mice (p<0.01). however, after 28 days of consecutive treatment with S-1 at a dosage of 10 mg/kg with no apparent toxicity, the lung metastasis nodes were apparently fewer, and the lung weight was significantly (P<0.01) lower than that of the control. in another experiment, the survival period after treatment with S-1 was evaluated. all of the mice in the control group died as a result of lung dysfunction, and the median survival period was 35 days. however, after 28 days of consecutive treatment with S-1 (10 mg/kg), the median survival period was prolonged to 55 days (p<0.01). these results suggest that this new model will be useful for evaluating the anti-metastatic effects of chemotherapeutic agents and the survival period after chemotherapy.
Introduction
Breast cancer is the most common type of cancer among women, and a number of treatment modalities have been aggressively investigated (1) . as with cancers of other organs, the treatment of breast cancer patients has recently become more personalized through the detailed analyses of various biomarkers, such as hormone receptors (estrogen and progesterone receptor), hEr-2 and other risk factors (2, 3) . however, triple-negative type breast cancer (accounting for 13% of all breast cancers) is insensitive to both endocrine and anti-hEr-2 therapy and, as its prognosis is worse than those of other types of breast cancers (3, 4) , suitable chemotherapy regimens are required. lung metastasis often causes the death of patients suffering from breast cancer (1) , but a lung metastasis model in mice has not been widely established.
We previously established a hormone-insensitive breast cancer cell line, mda-mB-435Shm, that spontaneously metastasized to the lung after surgical extraction (5) . however, its parent cell line, mda-mB-435, was a melanoma, not a breast cancer cell line (6) . therefore, we newly established a human breast cancer cell line, mda-mB-231llm, from mda-mB-231, which originates from a triple-negative type human breast cancer cell line, and performed a preliminary evaluation of anti-metastatic activity based on the survival period after treatment with S-1, which is commonly used against breast cancers (8, 9) .
Materials and methods
Cell lines and cultures. a triple-negative type human breast cancer cell line, mda-mB-231 (7), was purchased from the american type culture collection (manassas, Va, uSa). the parent mda-mB-231 cells were routinely cultured in a monolayer or on a microcarrier (cytodex™ 3) in rpmi-1640 medium supplemented with 10% fetal calf serum (FcS) at 37˚C under 5% CO 2 and 100% humidity in vitro.
Reagents. FcS, Bd matrigel™ matrix (11) ) and BalB/c nu/nu mice (nude mice) were purchased from clEa Japan inc. (tokyo, Japan). the mice were housed under specific pathogen-free conditions, and food and water were provided ad libitum.
mda-mB-231 cultured cells were collected and suspended in saline or 50% Bd-matrigel. mda-mB-231 cells (2x10 6 cells/body) suspended in saline were injected intravenously, and cells suspended in 50% matrigel or co-cultured using cytodex 3 were implanted subcutaneously into the mammary fat pads (mfp) of 5-week-old female Scid mice (n=15). metastasis nodes in the lung were collected 42 days after the intravenous implantation of mda-mB-231, and 8-mm 3 cubic fragments were implanted subcutaneously into the mfp of 5-week-old female Scid mice. the implanted tumors were extracted surgically under anesthesia with Somunopentyl at 6 weeks after implantation, and the metastasis nodes in the lung were collected 6-7 weeks after tumor resection. this procedure was repeated once again, and the spontaneous lung metastasis subline, mda-mB-231llm, was established.
Evaluation of anti-metastatic activity and lifespan of mice treated with S-1. the metastasis nodes of mda-mB-231llm were collected from the lungs and implanted subcutaneously into male nude mice, and solid tumors were prepared. an 8-mm 3 cubic fragment of mda-mB-231llm was implanted into the mfp of a female Scid mouse after 1 week of quarantine, and 27 days after implantation the tumor was extracted under anesthesia with Somunopentyl and its weight was measured. Seven days after extraction, the mice with no obvious tumor recurrence were randomized according to the extracted tumor weight (day 0).
Evaluation of the anti-metastatic activity. the mean of the resected tumor weights was ~1.9 g. S-1 at a dosage of 10 mg/ kg, which has been reported to be an effective dose with low toxicity (8) , or the vehicle (10 ml/kg) was orally administered for 28 consecutive days from day 1 (n=8). For reference, the vehicle was also administered in a similar manner to non-tumor-bearing mice (n=8). On day 29, the mice were sacrificed by bleeding under anesthesia, and the whole lungs were collected and weighed.
Evaluation of the survival period. the mean of the resected tumor weights was ~1.3 g. S-1 (10 mg/kg) was orally administered for 14 or 28 consecutive days from day 1 (n=9).
in the control group, the vehicle was administered in a similar manner. the survival period of the mice was observed, and lung metastasis was confirmed macroscopically. The increase in the life span (ilS) was calculated using the following formula: ilS = [(median survival period of the treated group)/ (median survival period of the control group) -1] x 100%.
Statistical analysis. the anti-metastatic activity was analyzed based on the mean of the whole lung weight between the control, treated and normal groups on day 29 using a generalized two-tailed Wilcoxon test. Significant differences in the survival periods between the treated and control groups were analyzed using a log-rank test with ExSaS Ver. 7.11 (arm Systex co., ltd., Osaka, Japan).
Results
Suitable implantation route for establishing a selective lung metastasis subline. lung metastasis was observed in 11/15 female Scid mice after intravenous implantation, but no metastasis was observed after implantation using matrigel, and only 1/15 mice exhibited metastasis after implantation using cytodex 3. therefore, lung metastasis nodes developing after intravenous implantation were collected and implanted into the mfp of female Scid mice. next, the incidence of lung metastasis was compared between a primary tumorresected group and a not-resected group. the incidences of lung metastasis were 90 and 40% in the resected and notresected groups, respectively. as in the following experiment, lung metastasis was observed in the Scid mice in which a 
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lung metastasis node had been implanted into the mfp after surgical resection, and the resulting lung metastasis nodes were defined as the metastatic subline, MDA-MB-231LLM. Fig. 1 shows a typical pulmonary metastasis of a mda-mB231llm tumor both macroscopically and after h&E staining. metastatic nodes were observed around the vessels in the pulmonary alveoli. When nude mice were used, no lung metastasis in the whole lung was observed.
Evaluation of anti-metastatic activity of S-1. For the mice in the control group metastases were observed in the whole lung and, prior to the final evaluation, 3/8 mice had died as a result of lung dysfunction. On day 29, the lung weight of the control group (0.344±0.057 g, n=5) was significantly (P<0.01) higher than that of the normal group (0.135±0.013 g, n=8; Fig. 2a) . among the mice treated with S-1, the number of metastasis nodes was smaller, and the lung weight (0.183±0.052 g, n=7) was significantly (P<0.01) lower than that of the control group (Figs. 2B and 3) .
Evaluation of the survival period after treatment with S-1. a Kaplan-meier survival curve was plotted for the mice. the median survival period of the control mice was 35 days, and all of the mice died as a result of lung dysfunction after 48 days. the survival period of the 28-day and 14-day consecutive S-1 administration groups was 55 days (p<0.01) and 40 days, respectively (Fig. 4 and table i) .
Discussion
Standard chemotherapy against triple-negative type breast cancer is warranted. Since the prognosis of breast cancer with lung metastasis is poor (1), effective chemotherapy against metastatic triple-negative type breast cancer is required. using human xenograft models, a number of chemotherapeutic agents against human breast cancers have been evaluated. however, the antitumor activity against human breast cancers other than those which have been subcutaneously implanted is not sufficient. Since the microenvironment of the organ in which tumor cells metastasize and grow is thought to be important (12) , a suitable implantation route was first examined. the incidence of lung metastasis after the implantation of the parental mda-mB-231 cell line into the mfp using matrigel or cytodex 3 was lower than that after intravenous implantation. Since a subline that grows in a distant organ is thought to possess a different affinity from those of other variants (13) , lung metastasis nodes following intravenous implantation were collected, and the above-described procedure was repeated an additional two times. as a result, the highly selective lung metastasis subline, mda-mB-231llm, was established within a shorter period than that described in previous reports (5, 14) . consequently, the selection of the route of first implantation may be important.
the control of micro-metastasis is a critical problem for prolonging the progression-free survival and overall survival periods of patients. therefore, we attempted to examine the possibility of evaluating chemotherapeutic agents using this model based on the survival period. as the parent mda-mB-231 cell line is reported to possess a high level of dihydropyrimidine dehydrogenase (dpd) activity (16), we measured the dpd activity in mda-mB-231llm and confirmed a high enzyme activity (data not shown). The anti-metastatic activity of S-1, which inhibits dpd, has been reported to be effective in an adjuvant setting (17) (18) (19) ; consequently, the efficacy of S-1 was evaluated using this model. long-term S-1 treatment from the early stage, when no macroscopic metastasis was observed, contributed to a prolonged survival period. these data suggest that this mda-mB231llm orthotropic implantation model may be useful for evaluating the anti-metastatic activity of drugs in mice based on the survival period in addition to the lung weight. Each group consisted of 9 mice. ilS, increase in life span. a p<0.01 vs. control; log-rank test.
